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By Friedrich Seewald 



The principal source of information on float resist- 
ance is the model test. In view of the insuperable dif- 
ficulties opposing any attempt at theoretical treatment of 
the resistance problem, particularly at attitudes which 
-tend toward satisfactory tako-off, such as the transitory 
stage to planing, the towing test is and will romain tho 
primary method for some time to come. . Conscquontly , tho 
importance of the model test from tho viewpoint of reduc- 
tion of model tost data to full scale cannot bo ovorosti- 
matod, . 

When a model tost is not in close agrocmont with ac- 
tual full scale oxporiencG • as, in fact, one phase of tho 
float tests postulates, one is apt to "bocomo skeptical as 
to tho validity of the law. of similitude, and for that 
reason the underlying principles of thoso questions are 
discxissod first. 

When, as is accepted practice in model float experi- 
ments, the forces impressed by a fluid flow on a body are 
measured, the total force set up by the fluid can, strict- 
ly speaicing, be similated to another geometrically similar 
body^ in its entirety only when it is known that the indi- 
vidual coraponents of this force which are contingent upon 
different physical properties, change in the same ratio 
while beins reduced to other body dimensions. Foremost 
amon^e; these components is the force produced by skin fric- 
tion^ that is, by the viscosity of the fluid, llext in im- 
portance is the force due to the mass inertia of the water 
-oarticles owing to thoir deflection from their direction 
of motion. Third, is the force due to gravity in so far 
as tho pressure, varies with the depth of the water, and 
in the change in. pressure distribution attributable to tho 
variation in water level by tho waves. (Other possible 
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effects, such as compressibility, surface tension, etc,, 
are to "be disregarded, since the influence of these fluid 
characteristics on the resistance is pro"bably of no more 
than secondary importance.) 

Unfortunately, even. the three kinds of forces (pres- 
sure or shear in friction) under discussion do not follow 
the same law when reduced to other scales or speeds. 
Those forces or pressures duo to tho. mass inertia of the 
fluid follow tho law of the square of tho resistance, 
which postulates that the force vary proportionate to the 
product of fluid density to the area of the hody and the 
square of the speed. This is a direct inference from ITow- 
ton's law of mechanics. Consequently, this proportion of 
the total forco must be reduced conformably to tho law of 
tho squfiro of the resistance, regardless of whether it 
pertains to boats, floats, or airplane wings, because any 
other law of similitude would reduce this force component 
erroneously. 

How, when sbme other force component does not increase 
as the square of the speed and proportional to the area, 
but in some other arbitrary manner, perhaps even unknown 
to us, then it becomes readily apparent that reduction of 
the total force is at all feasible only when it becomes 
possible, in some way, to identify . such attitudes, in which 
this proportion also is in the same relation as the compo- 
nent which follows the law of the square of the resistance. 
Since geometrical similitude in all parts is an uncondi- 
tional premise for any reduction, the - conditions of two 
comparable attitudes can only be altered by a correspond- 
ing selection in model, scale and speed. A criterion for 
tho choice of scale and speed which ensures that the force, 
duo to gravity owing to differences in levels (generally 
called wave making resistance), has increased in the same 
ratio as that component which follows the square law of 
the resistance, is the so-called Froudo law. This law 
stipulates that the reduction of tho mcasiired force must 
follow tho law of the square of tho resistance. But thorp 
is ono provision which proscribes that this conversion in 
such processes, in which tho gravity affects the resultant 
forco, is applicable only when, aside from geometrical 
similarity of both bodies, the Fi?oude number v^/g I is 
the same in both cases, .wherein v = speed, I = arbitrary 
body length, and ' g = acceleration of gravity. 

The physical sense of this number becomes readily ap.^ 
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parent when expressed as 

7/g - 
7 I • 

Then it is seen it denotes the ratio of the dynamic 
to the static pressure. When these two pressures on two 
geometrically similar "bodies assume the same relation on 
two corresponding surface elements, the forces set up "by 
these two different kinds of pressure are in the same 
ratio also. Once this is known the magnitude of tho two 
components of tho force is of no. moment, and the total 
force can "bo converted into tho thus charactorizod dimen- 
sions and speeds conformahly to that law which in general 
is applicable to one of those two components. This is tho 
sense of Froudo's law as well as of all other laws of 
similitude. I have used the occasion to go more into de- 
tails a'oout these comparisons than the subsequent consid- 
erations may perhaps warrant. But in the light of dis- 
cussions on Froude's law and the limi'ts of its validity 
these principles, no matter how obvious they me,y seem, 
are not always kept in view* 

In probleijis on objects afloat in ideal fluids this 
law would suffice for conversion* But, since the fluids 
appearing in nature, set up, because of viscosity, shear- 
ing stresses on the surface of the object, these forces, 
which again may follow any other arbitrary law, must bo 
made to conform to the same conditions as the other re- 
maining force components, namely, that tho shearing stress 
es on the surface must assume the same relationship in the 
comparable attitudes as the pressures which are amenable 
to the law of the square of the resistance. But the fluid 
friction on the surface of the object is, according to 
the definition of the coefficient of friction, proportion- 
al to v/l, with |JL - friction coefficient. An attempt 
to retain the explained condition for the proportion of 
the friction also, would result in 

assuming the same value in the two compara-tive attitudes. 
However, this ratio is nothing more than the Reynolds 
Humbor expressed differently, as becomes evident when mul- 
tiplying numerator and denominator by g l/v 7. 
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These two conditions of Reynolds and Froude can only be 
fulfilled for equal size and equal speed; a model test at 
more reduced scale is impossible-. Any attempt in spite of 
this, to apply the law of the square of the resistance to 
the. A riction component to model testing signifies that the 
friction effect is either considered as small or that at 
least ■ the deviations in frictional "rosistanco from the 
square of the resistance are very minute. These two as- 
sumptions do not hold. true. in many practical cases. 

.As regards the total frictional force set up on the 
whole wetted surface,, thi a . assumption would indicate that 
the resistance coef f icient . had the s-ame value for the skin 
friction in both comparative cases. The actual state of 
affairs' may be judged from the data in Figure 1, taken 
from a report of Dr. Prandtl (reference 1) , which shows 
the friction coefficient for flat plates plotted against 
the .Heynolds Number. The shaded portion denotes the Rey- 
nolds N\\mbcrs at which the model float experiments were 
made. (In general, tho lengths of the models range around 
1 m (3,28 ft.), part of which immer ses according to the 
speed. In planing attitude the wetted length amounts to 
several centimeters. The. model speeds range between 3 and 
10 m/s (9.84 and 32.8 f t . /sec. ) . f or the most important 
stage of the take-off, thus yielding Reynolds Numbers be- 
tween 10^ and 10^.) The corresponding numbers for full- 
size, floats and hulls range between 10*''. and 10 , that 
is, at tiie very end of the plotted curve. The variation 
in friction coefficient in the range in which the models 
were tested becomes readily apparent* Curve I represents 
the coefficient of resistance for a purely turbulent flow 
and the small crosses, the corresponding test points for 
flat plates. Curve III shows the resistance coefficient 
for purely laminar flow and curve II for a turbulent flow 
with laminar entrance section. The larger the Reynolds 
Number, i.e., the longer the plate, the smaller the pro- 
portion of tho laminar 2.on.o in tho last type of flow which 
prevails in the f oromost portion of tho enveloped body. 
Tho resistance coefficient thus approaches that of tho 
purely turbulent flow of curvo I. The. location of the re- 
sistance coefficient in tho shaded portion with respect to 
curves I, II, or III depends primarily on whether tho flu- 
id, which strikes the object or the flat plate, was previ- 
.oa?..sly turbulent or whether roughness or corners or even 
vibrations in the test object have set up premature tur- 
bulence* One apparent defect of all modol experiments 
heretofore is that thoy have been made precisely in that 
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zone about which tho douhtftilrio ss is greatest. 

What the resistance coefficient for the skin fric-- 
tion actually amounted to in tho different model towing 
experiments is difficult to ascertain; at any rate, it has 
never been determined thus far. And, assuming even that 
it Was done, it still, remains questionable whether much 
had been gained by it. To be sure, it then would be pos- 
sible to convert the resistance, due to skin friction 
alone, somewhat better, regardless of the other resistance 
coefficients measured for the respective Reynolds NuEaber. 
This method is accepted practice in shipbuilding. But by 
doing so we esrceod the bounds of similarity in mechanics, 
because the difference of thoso coefficient s precisely 
implies that the flow i? no longer similar in all parts. 
Whether, and to what extent, tho character of the whole 
flow, and through it, the remaining resistance, is affect- 
ed by it remains an opeii question at tho present stage of 
development.; This applies, in a particular measure , to 
tho float .whore it is not a problem- of streamline body 
but of an object past whoso edges the water flows and in 
whose critical zone, th^^t is, at ' velocities where the re- 
sistance becomes maximum,' the phenomena of separation pre- 
cisely may have the most profound effect on the realiza- 
tion of the planing attitude and thereby on the resistance* 
This may have an entirely different effect because of tho 
difference in Reynolds numbers than conforms to tho dif- 
ference in frictional resistance aloho# Being thus close- 
ly bound up with tho phenomena in .tho boundary layer it 
hardly seems plausible, as far as concerns tho total re- 
sistance, to eliminate, for tho present at loast, thoso. 
difficulties through some kind of separation of individual • 
resistances and conversion according to some particular 
law of similitude. Th© suggestion to simply subtract a 
certain percentage of the total resistance to correct for 
the friction is even less expedient, so long as 10^, and- 
20^,. and sometimes even more than, that are recommended to 
correct for friction. . 

Thus, if the potentiality of converting model experi- 
ments, which heretofore were made in an exceptionally un- 
favorable range of Reynolds NuJ^bers, is doubted, the rea- 
sons elucidated above should prove convincing for they 
are irrefutable. One .expla.nation , which seems very impor- 
tant to me, may be found by. corresponding full-scale tests 
and comparative model tests, roferoncp to which shall be 
made further on. Th© only proof hitherto was practical 
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experience gained from model tests. As far as I am able 
to'jxidge, the Froude rule ensures quite acceptable re- 
sult?; in most cases, notwithstanding the objections ra.ised 
in the above discussion*. Tho doubtfulness of the reduc-^. 
tion, which in the final analysis lies in the nature of . 
the model test and which can be eliminated only by giving 
up at the same time its principal advantage, that is, small 
sizes and low speeds, does not alono suffice , to explain 
tho abovo contradictory empiricism. 

But aside from these reflections, there is still an- 
other reason which restricts the applicability of model 
experiments, at least of those published so far, and which 
does not lie in the nature of the thing; that is the lack 
of sufficient importance which ne^ds be attached to the 
combined action oif floats and wings. One unconditional 
stipulation for convertibility of one model test to larger 
scales is the well-known geometrical similitude not only 
with respect to the form of the float but also with regard 
to it s position relative to tho water surface, particular- 
ly of the trimming angle (equivalent to angle of attack . 
for an airplane wing). As soon as the trim at take-off is 
no longer exactly the same as in the model test, the law 
of similitude can no longer be held responsible for any 
inaccuracies. 

The dependence of the resistance on the trim. is well 
known. But, since this angle, ^ and the angle of attack, 
respectively, of the whole aircraft, is again dependent on 
the moment equilibriujn, the float can assume the same an- 
gle only when a moment equilibrium of all forces (air, 
water, gravity, and shearing force) prevails at this angle 
in the starting aircraft, or at least be obtainable by 
control action, or else the float is in a different set- 
ting aJid reveals, as a rule, a different resistance than 
the one measured on the model. Tho first experiments 
were made in England. They covered a series of studies 
on the dependence of float resistance on the trimming an- 
gle and thereby on tho moment about the lateral axis and 
were published by the British Advisory Committee for Aero- 
nautics. Figure 2, taken from Reports and Memoranda No. 
472, by &, Baker and E. M, Keary (reference 2\ shows ' 
the results of those tests. The curves show the resist- 
ance and the moment about a lateral axis plotted against 
the trimming angle. The loading and the speed of tho 
float were the same at all angles during the oxporimont. 
(Tho moment, in this caso, was plotted against tho C.CJ* 
of the seaplane for which the float was designed.) 
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This result shows the minimum resistance at around 
5 to 5° for this float and speed. If there is no percepti- 
ble change in the corresponding moment, the change in an- 
gle is comparatively great, and with a change in trimming 
a.ngle the resistance abandons its host position and rises, 
first slowly, then rapidly. 

In Germany, H. Herrmanh was first to publicly point 
out the practical significance of this effect, (Rofer- 
cnco 3,^^ He proposed to the D.V.L. (Deutsche Vorsuchsan- 
stalt fiir Luftfahrt) in 1925 to underwrite the expenses 
incidental to a test prograni patterned after the English 
studies. The D.V.L. responded favorably and commissioned 
Mr^ Herrmann to make .such, experiments.. They were made in 
1926 in the experimental laboratory for shipbuilding at 
Hamburg and subsequently published. (Reference 4*) 

Thus, even if a certain amount of experimental data 

was available from which some information could be ob- 
tained, it was far from being conclusive enough to furnish 
a clear, comprehensive explanation. All published data 
were always obtained in view of one particular seaplane, 
and the reports do not always include the stipulated pro- 
sumptions;, so that in such cases where the moment about 
the lateral axis changed and its effect was studied, it was 
impossible to tell from the reports what the actual amounts 
of these moments really were, (Unless the resultant mo- 
ment is also given, the dimensions of the test set-up, re- 
spectively, the points of application and the magnitude 
of all forces should be stated, as is customary practice 
in the English reports,) Aside from this the available 
data are always given for limited sections by one certain 
loading or one certain trim, etc*, so that not one of the 
published reports could be used to follow a get-away from 
beginning to ond, 

^^To obtain a clear insight into these questions, P. 
Schroder, the erstwhile expert of the D,7,L# on matters 
pertaining to floats', prearranged corresponding experi- 
ments and designed a test apparatus which, in contrast to 
that of the H. S , V, (Hamburgi sche Schif f bau-7er suchsan- 
stalt) described in the report of -Herrmann, Zempf, and 
Kloos, does not provide for reading the depth of immersion 
and the trim on a scale but by means of a continuous rec- 
ord during the entire test. This improvement turned; out 
to be very advantageous because in the most significant 
attitudes the model usually executes combined vertical and 
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torVio'nal dsclllations- ai5.Qut tho lateral axis with more or 
^^e¥&^ p^'oiiVuiTo.od' isonpli tudcs.. • . 

:..r f::-- • 

'^ciii~,:^Q^QQ^ 'experiments wore su'bsoquontly undertaken *by tho 
'ifi'S^.T. •ari'd 'carried out "by the expert of. the. D.V.Lg An- 
other formulated test progsram was to embody the concerted 
efforts of the two institutes^ T^Q oxperimonts wore toado 
in cb^noction with towing, tests for Rumplor's transoceanic 
project; ' The costs wore mutually defrayed^ The most per- 
tla'dht data relating to thqso oxperimonts and their inter- 
pretation h&ve already "been made puhlic. (Roforonco 5.) 

The fundamental importance of these tests on tho suh- 
soquoht considerations may ho briefly summed up as follows 
According to tests on throe different float forms tho re- 
sistance is most sensitive to changes in trim at the 
speeds whore the hoat goes on tho stop. Obviously, any 
slight change of trim then suffices to delay tho planing 
attitude. At higher speeds the sensitivity becomes loss, 
until upon approaching get-away speed, it becomes more 
pronounced again. 

The effect of the location on the resistance' and on 
the moment is easily explained. For the primary purpose 
of the stepped float is to raise the boat from the water 
by dynamic lift and- to reduce the immersed area and there- 
by the frictional resistance, I5: the orthodox float ar- 
rangements tho frictional resistance generally equals 
(computed with the coefficient measured on tho flat plate) 
about 1/3 of the whole float resistance,. Since, at the 
corresponding speeds only a slig};it excess in propeller 
thrust prevails over the total resistance, get-away would 
be hardly possible if the wetted surface were not at the 
same instant materially reduced by. the dynamic water lift* 
Because the frictional resistance would increase practic- 
ally as the square of tho spood and tho wing lift in this 
range of about 40^ of tho got-away speed would have no de- 
cisive effect as yet on tho lift-off. At around 60^ get- 
away speed the frictional resistance alone would already 
exceed the total resistance of the conventional floats* 

•When the boat has exactly risen to^'step the water be- 
neath the step still passes very closely along tho after- 
body. If the trimming angle is. too high . the ' afterbody; or 
part of it becomes easily immersed and. increases the re- 
sistance. On the other hand, if the. trim is 1 0 o\ small: 
Hho float will not produce thq necessary . amount of ..dytf&nic 
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lift; it lies, on the whole, still deeper in the water, 
which again increases the amount of wetted area and con- 
sequently, the resistance. The reason tho going-on the 
step is so sharply defined and accompanied ty the typical 
hump speed (resistance maximum) is due to a suddenly pro- 
duced attitude where the afterbody lifts off from the 
water. 

As the speed increases the float continues to climb 
out of the water; first, because the wing lift increases, 
and second, the water mass, to which a downward accelera- 
tion must be imparted in order to bo able to produce the 
necessary lift, diminishes as the' speed increases. Now 
tho forward supporting part of the floa,t acts similar to 
an airplane wing (because of the small wetted area, the 
frictional resistance plays a subordinate role), in which 
the resistance also is primarily dependent on the amount 
of lift and to a lesser extent on the circumstance of 
whether this lift is produced by a thick wing at low. an- . 
gle of attacker by a thin wing at high angle of attack. 
But the afterbody is so far above the water that the trim- 
ming angle is amenable to changes within a certain extent 
without immersing again. When tho trimming angles become 
too small, tho wotted supporting area ahead of the stop 
naturally becomes, greater in this attitude and the result 
is a much greater resistance after a- certain change in 
angle. 

Many floats show a pronounced sensitiveness just prio 
to lift-off. The explanation for this is the necessity of 
ensuring large trimming anglos in this range in order to 
start with maximum wing lift, i.e., lowost possible speed. 
As a result thereof the wave, which is formed aft of the 
step, again clings close to the afterbody and a slightly 
greater trimming angle (afterbody placed too low in the 
design) suffices to cause immersion. Figures 3 to 5 show 
the results for one of the examined floats at two differ- 
ent loadings. TjiO moment is with respect to a lateral 
axis through tho stop. At 10 m/s (32.8 ft, /sec.) speed, 
which about brings it in the neighborhood of tho hump 
speed, particularly when the float Is highly loaded, the 
retention of the correct trlmis of greatest importance, 
v/hile at other speeds this effect is not quite so signif- 
icant, 

A simple reflection reveals qualitatively tho behav- 
ior of the moment about the lateral axis during the take** 
off process, (confined to the moment which the forces of 
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the water exert upon the float) • 

In the rest position the resultant of all water forces 
attacks in the center of the di splacement » and this is gen- 
erally near the step. As the hoat is started, the bottom 
in front of the step commences to produce dynamic lift. 
Thus the . resultant water force shifts forward and the float 
trims more and moro hy the stern up to the moment whore 
the boat is on the stop and all lift is produced ahoad of 
the stop. As the speed increases the hoat^ then continues 
to rise out of the water and the supporting area is thus 
reduced, Th© conseqxience is a backward, displacement of the 
resultant and finally a' coincidence with the edge of the 
step at the moment of lift-off. In this second phase of 
take-off the. tail-heavy moment becomes smaller again until 
the forces of the water, and thereby the momont, disappear. 
A recurrent immersion of afterbody or any other part of 
tho float while planing,, naturally disturbs this kind of 
moment behavior. According to the distance of the respec- 
tive parts away from the step, they are capable of setting 
up considerable moments. 

Unless* these moments during the take-off process are 
taken into account in the- design and the C.G. of the air- 
plane is located far enough forward, the afterbody still 
remains in tho water, even if the dynamic lift at this 
speed were high enough to raise tho boat to s.tep. Tho 
aftermath would be high frictional resistance and. a bad, 
if not altogether impo ssiblo , take-off • Chis, I think, is 
tho physical oxplanatipn of a phonomonon which seaplane 
pilots often express by "tho afterbody sinks fast." 

Tho conclusions to bo drawn from those considerations 
aro the following promises governing the installation of 
floats, and whoso observance or nonobservance is a domi- 
nant factor on the take-off charactori sties., To ensure 
satisfactory cooperation between float and soapla.no, the 
location of tho C.G. in front of tho stop must be so chosen 
(by very high propellers the best C.G-c may even be located 
aft of the step) that 'a moment equilibrium prevails by 
neutral control setting at that trim at which the resist- 
ance is approximately minimum. This, of course, includes 
all moment s. about the lateral axis set up by tho forces 
.of air, water, prppqiioT . and it s own weight,' At least it 
.should be possible to obtain this range of trimming angles 
by control action, Turthermore, the angle between longi- 
tudinal axis of float (more exact, of the float line with 
respect to the trimming angle) and the wing chord must be 
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so chosen that the wing produces the necessary lift for 
starting at angles to which the minimum flo8.t resistance 
belongSt 

As ohvious as these two rules are, they nevertheless 
were not taken into account in sufficient measure in the 
published model tosts. 1^, the first place, many published 
model experiments were made at one trim only, most 
cases this is a different setting at each speed, because 
the moment varies about the lateral axis according to the 
above explanation^ The sequel is that the model, which 
is usually mounted, so as to permit rotation about the lat-i 
eral axis, assumes a position which is dependent on tho 
more or less accidental kinematic conditions of the mount- 
ing method^ Because of the measurement at only ono trim, 
the model float forms examined in this manner are not quit 
comparable, aside from tho aspect of conversion to other 
scales* Por it is impossible to judge from one of two 
tested model floats, towed perhaps at amoro unfavorable 
trim and which for that reason seemed worse, whether or 
not it is in reality superior to the other which by chance 
happened to be measured at the trim for which its resist- 
ance is lowest. 

Having selected a float form which showed suitable 
qualities as model gives us the* resistance coefficients, 
for a certain trim at any speed. Now if it is desired to 
arrange this float conformably to the above postulates and 
to maintain during the take-off process the angle of the 
model test at any speed, it implies that a certain angle 
of attack of the wing is specified which changes more or 
less accidentally during the take-off in tho model float.- 
If the model tost stipulated only ono loading, decreasing 
with the square of the speed, so that at each speed tho 
resistance was defined for one loading only, the actual 
soaplane generally will no longer havo the same lift as 
presumed in the model tost* Still, many model tests are 
conducted in this manner. In spite of varia^ble trimming 
angle a constant anglo of attack is presumed. At low 
speeds it usually is not so bad, because at starting the 
angle of attack is, not the same as assumed by the model 
measurement. But at high speeds (hump speed to get-away) 
this effect may become of vital importance. 

TiiO result of this limitation to one loading is that 
the data cannot bo reliably applied save for aircraft with 
a well-defined starting speed. The starting speed for 
which the model measurement was determined, is at the sa.me 
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time -fixed "by the scale of enlargement • But as a rule, 
the seaplane, for which a float measurement is needed, 
has not the same starting speed as assumed hy the model* 
with a view to any definite design* As a result, the 
doubtfulness, when applying such results, "becomes still 
greater. 

Besides, the correct criterion for a satisfactory 
start is not merely a minimum float resistance, "but rather 
a minimum total resistance of wings plus float. This min- 
imum of the whole system does not, or at least not at all 
speeds, coincide with the minimum for the two individual 
coraponeiits. To ensure an absolute minimum, the attitude 
of the float to wing woixld have -to te capable of changing 
during the take-off process* Hence a compromising solu- 
tion is inevitable, and the endeavor will be to take spe- 
cial notice of the attitudes which seem most critical in 
the present constraiction problem. 

But in order to effect such a compromise, the resist- 
ance of the float in the different questionable positions 
would have to be known, aside from the moment of the float 
at the different speeds, trims and loads within the scope 
in question, to ascertain whether the specified position 
is at all obtainable, and to effect the disposition of 
C.G, to step and the setting of wing and float in such a 
manner that the seaplane makes a good start without help 
if possible (as many do) • The fact that these viewpoints 
arc not sufficiently recognized in model tosts is much 
more responsible for the distrust in the application of 
model test data than the errors incidental to reduction by 
Froude^s law of similitude. The consequence is that the 
published float measurements cannot be used in the true 
spirit of the model test and in the light of accepted 
practice of publishing airfoil data, namely, to select one 
tested shape and then be able to find all necessary numer- 
ical data thorefrom# 

The behavior of the different moments sot up on the 
seaplane may be soon from Figure 6, which was j;akon from 
the data of an experimental seaplane, and which is to be 
used for float tests. The figure shows tho moments of 
float resistance and float lift, both assuraodly applying 
at the edge of tho step, the wing moment including propol-, 
ler by zero control sotting, all with respect to tho C«(x« 
of the seaplane. It shows, in addition, the moments ob* 
tainable by certain elevator displacements p, once when 



U.A^G.A, Technical liemorandum No, 539 



13 



the. slipstream strikes the control surfaces and once when 
it does not. The basic speed ahout corresponds to the 
huiap speed, Th© moments which can he sot up with the con- 
trol surfaces are, as soon, comparatively largo with re- 
spect to the other moments, when tho tail surfaces are in 
tho slipstream. It is largely by virtue of this fact that 
the application of model test data is ordinarily success- 
ful; for through it, it enables the pilot to make up for 
many. :things which could not be taken into account during 
the construction. However, even then the setting between 
;ving chord and float must be such that tho correct angles 
of attack, particularly the maximum wing lift, can bo ob- 
tained in the last stage of take-off without wetting an 
unnecessarily larg.e float aroa# But if the tail surfaces 
are blanketed from. the slipstream, tho obtainable moments 
are very small and in such aircraft the exact compliance 
with the two conditions, discussed above, is essential to 
assure a passable starting performance. 

This matter assumes special . significance when the 
float has two steps. So long as tho two stops are actual- 
ly supporting, the moments necessary to change the trim 
are sV large that they cannot be produced by the tail sur- 
faces*. Incidentally, it is very important in this. case 
to be able to investigate carefully the setting of wing 
and float, and to confirm the presence of the correct an- 
gle of attack of the wing, particularly immediately pre- . 
ceding get-away# Since boats with two steps quite often 
run on one stop only in the last stages of take-off, while 
on the other hand, tho part of the boat between front- and 
roar stop is very closo above tho water, the danger that 
this part may immerse again by slight changes in angle of 
attack, is very great. Here the coaction of wing and 
boat requires particular attention. 

Model test data, especially when intended for publi- 
cation, i.e., destined for general information, should 
not be ascribed to one particular seaplane, and should em- 
body the qualities of the float as detailed as in the case 
of wing sections, namely, as regards lift, drag, ^.r-i mo- 
ment about a lateral axis which, although arbitrarily se- 
lective, should nevertheless be incorporated in the test 
report. After wo had completed our investigation we heard 
that Mr. Tank of the Rohrbach Company, had made a great 
number of towing tests in the above-described manner and 
that his experiences relative to reduction to full scales 
were very satisfactory. But such test data as these. 
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which would he of inestimahle value, are invariably never 
published, 

Tho question whether, and how, it is possible to make 
model float tests which are applicable to any seaplane 
regardless of size, and what data a complete madel measure- 
ment should embody is now in order. 

Since every seaplane design is for a specific gross 
weight, the scale of enlargement of the tested float is 
decided to within certain llmits# According to the intend** 
ed purpose of . the seaplane, a proven float form may be 
loaded perhaps 10 to 20 per cent higher or lower. (If nec- 
essary, the stability can bo modified by appropriate de- 
sign of the superstructure."). Under those circumstances it 
would be desirable to know how' the qualities of a float 
would be modified under say, a 15 per cent higher, and a 
15 per cent lower than' normal loading. Por that reason a 
series of float tests with three different initial loadings: 
normal, somewhat below,, and above. normal should be begun 
nowg 

The get-away speed in the design of all seaplanes is 
contingent upon the choice of wing section and with it, 
on the manner in which the wing lift changes with respect 
to the speed during take-off and thus reduces the load on 
the float. How the starting speed of seaplanes of identi- 
cal size fluctuates perhaps ISjS above and below a certain 
average, and if the float loading for the three selected 
initial loadings were now made in such a way as to do- 
croaso in the usual manner with the square of the speed, 
while on tho other hand, the three get-away spoeds for the 
throe different weights likewise varied by 15 per cent, 
as indicated in Figure 7, it would reveal the float lpad« 
ing for- all practical seaplanes of this size. Moreover, 
it would not only show the loading at a cert ain . stage of 
reduced wing loading but at any other arbitrary one as 
well which might occur during take-off; for the interpola- 
tion between these three curves would also reveal any other 
reduced load curve. In this manner the applicability of 
tho tost data for seaplanes of tho same size would be prac- 
ticable regardless of the get-away speeds which vary with- 
in certain limits according to the purpose for which they 
are intended. In addition, it would make it feasible to 
follow the start of an overloaded seaplane, which is an 
important factor by the increasing need for long range 
seaplanes,* 



*In a model tost, made by 0. S. Baker and B, Koary, tho 
load reduction was similarly choson, (Roforonco 6t) 
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Now. what is the rosult v/hon it is attempted to apply 
such model test data to seaplanes of sizes different than 
that for which the model test was made? According to. 
Froude's law of similitude corresponding speeds arc avail- 
able for a seaplane of different size, when the speeds vary- 
as the sixth root of the gross weight, or in other words., 
as the square root of the dimensions. (in tv/in-float sea- 
pianos the proportion of the gross weight entrained oy the 
float is, of course, decisive.) Hence, every tost point, 
may bo transferred to seaplanes . of any arbitrary size pro- 
vided the get-away speed of that seaplane is proportional 
to the sixth root of its gross weight. This stipulation 
corresponds to Lanchester* s derived law for the enlarge- 
ment of aircraft, and the practical development has, in 
fact, followed along those lines. Figure 8 shows how the 
starting speed must - increase with the gross weight to en- 
sure conversion to arbitrary= sizes. The three curves rep- 
resent the starting speeds plotted against the gross weight 
for the above throe loadings as obtained by reduction of 
the discussed model tost with three different float load- 
ings according to Pr oudo * s law. It includes all seaplanes 
of which I could obtain any data. It is soon that by far 
the greater percentage of starting speeds lies between the 
values predicated by the model tost, so that the test data 
are applicable to all these seaplanes at any arbitrary at- 
titude by interpolation. Those seaplanes in which the 
starting speed is considerably higher, are racing planes 
with very high speed, and for whose float other factors 
are, moreover, involved, since here it becomes a matter 
of minimum drag rather, than seaworthiness, 

A float test made in the above-described manner can 
be applied to normal purpose aircraft ranging from the 
smallest twin-float seaplane to the largest flying boat. 

This advantage should be utilized, .. I believe . that 
the test data of about ten typical floats would supply all 
the necessary information for any normal design problem, 
and a largo portion of the float resistance question, as 
far as concerns the practical application,^ would bo elimi- 
nated. Of course, there still will bo possible variations. 
But if this test is already made selective to a certain 
extent, that is, confined to accepted forms or to such 
which according to preliminary tests are acceptable, it 
should be possible to find a suitable form for any pur- 
ported use. 
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To bo suro, tho resistance and the momont at various 
trims would havo to bo moasurod for each lift and for each 
corresponding speed, to enable tho designer to install the 
float correctly as well as to make it possible for him to 
follow the equilibrium of tho moments and of the forces at 
any position and speed which might occur during tho take- 
off* The. many variables naturally make a groat number of 
test points necessary for a complete flo.at investigation. 

Thus a complete test at say, ten different speeds un- 
dier three; different loadings, and at from 4 to 5 different 
angles- of attack, r^equires altogether about 130 test points 
or stations. 

On the other hand, it should be. borne in mind that 
this- is the primary, purpose' of' the model test; first, be- 
cause it makes the model tests comparable to one another, 
second, it permits installation so that the best possible 
take-off qualities are actually obtai,nable a^d lastly, it 
ensures the application for all .subsequently "designed sea- 
planes regardless of size. This undoubtedly makes this 
method more simplified and less expensive than. when the 
measurements have to be repeated for each seaplane, and 
\7hich, even if intended to serve b\it that special purpose, 
is nevertheless not much smaller in scope* 

Aside from the float resistance, the strength at start 
and landing is of greatest significance for the seaworth- 
iness, A normal landing in smooth water presents no dif- 
ficulties. But by landings in seaway the pronounced shock- 
like loads are difficult to control from the construction 
standpoint. The points of view on how the impact phenom- 
ena are enacted and what quantities are primary factors, 
are still at variance, 

A qualitative, comparatively easy insight into the 
physical principles of the problem involved mas'" be ob- 
tained by ajjplying the laws of impact in electrical mechan- 
ics to this process. But this is not to imply that its 
theoretical solution is simple. 

The conditions for tho impact on the flying boat be- 
ing too complicated, wo begin with* the most elementary 
case, namely, an object dropping on tho wator, Th^ bottom 
of the object is assumodly flat, and drops from an arbi- 
trary height on a smooth water surface, tho flat bottom 
striking tho wator in its full extent. Now two things may 
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happen. The object of any ar-Mtrary " hut finite weight is 
decelerated to zero velocity, the instant it strikes the 
water or else it penetrates it at finite . speed. If water 
"and object were not elastic the force of impact (hence, , 
the pressure) would have to become infinitely large in both 
cases, for in the one case the object with finite mass is 
slowed down from a finite velocity to zero within the in- 
finitely short time interval.: In tl^o other case, a finite 
water mass is, sot in motion at the moment of contact and 
accolorated to the velocity at which 'the object penetrates 
the surface of the water. Thus,, .wo have in both cases in- 
finitely large accelerations and decelerations and,*, accord- 
ing to tho fundamental law of mechanics, infinitely great 
forces, ■ 

The real force (prossuro) is, of course, not infi- . 
nite, or 'the object at least, would bo destroyed. The 
fact that the force of impact remains finite, is solely 
duo to elasticity. In a rigid object the elasticity of 
tho water would also be of significance. But. in flying 
boats with their flexible bottom. plp,nking and the.ir other 
elastic nombers, tho elasticity is' so high compared to that 
of the water that the amount of the prossuro is essential- 
ly determined by the elasticity of the float rather- than 
by that of the water, so that the latter may bo considered 
as being incbmpressiblo . 

The. effect of the elasticity of the object is manifest- 
> ed ifi the following manner. At the instant the object 
touches the surface of the. water only the lowermost . infi- 
nitely thin film is retarded; the other 'parts still retain 
their' motion. As a restxlt the object is compressed, and 
an elastic body is not. able to transmit' a force from one 
particle to another until a form change occurs. Tho. elas- 
tic forces set up by the deformation then impart to. the- 
lowest layer, and thereby to the water, a downward accel- 
eration and retard the other parts. At. the initial moment 
the incipient force is' small because the def ormir.tions are 
small. But as long as, the upper parts, of the body still 
move faster than the water, . the body is more and more com- 
pressed and the force and through' it the acceleration, 
impressed on the water increases. This increase continues 
till the maximum of compression is reached. Then the form 
change recedes, and as tho object regains. its former shape, 
the force of impact becomes zero. As a rule, an object 
deforms toward one . side or .the other onqo -it has been com- 
pressed and then extended beyond its zero position. Bo- 
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ginning at that moment . tho fordo of impact would act ^as 
tension 'and this would continue "back and forth several • 
times until- this oscillation hfxd "boon damped out. Our in- 
torost is contorod in the first stage of tho process up to 
v;n©re the maximum force of impact is reached. 

Applied to the case of the float, this means that the 
bottom planking may "be considered as the lowermost, infi- 
nitely thin fiim of water which remains during 'the first 
Instance of contact. The other masses of tho float and of 
the aircraft still continue to move' at the same rate of 
speed. As a result thereof, all elastic members are com- 
prer>sed, and a force begins to act on the bottom and 
through it on the water mass. The more su.pple the elastic 
connection, th^i -slower the rise of thi s force, impressed 
on the water,' The acceleration of the water is divided 
over a longer period and the impact is lessened. 

This postulate on the impact holds true regardless of 
tho forrA cf the float, ITlaenever a finite piece of the 
float pl2:nking strikes a portion of the water surface 
which is exactly parallel to the planking, nothing can pro- 
vent breakage save the elasticity. 

Aside from the effect of tho .temporal course of the 
impa,ct process, stipttlatod by the elasticity, on the force 
of impact, the extent of the area which simultaneously con- 
tacts with the water is also of vital importance, for it 
defines the amount of water mass to be set in motion. This 
is dependent on the form of the float and on the form of 
the water surface. When a keeled float settles on smooth 
water, a very small water mass is accelerated at the moment 
the keel immerses. As the depth :of immersion increases 
the immersed portion expands, and with it the water mass, 
until at last the entire bottom is in tho water, Thekoel 
effect here acts similar to the elasticity, namely, the., 
keel divides tho momentum over a longer period* Tho only 
difference is that the keol does not set the whole water 
mass into motion at once, but first brings a very small 
water mass directly to finite. , speed which then continues 
to expand. In contrast to this the elasticity manifests . 
itself so that the entrained water =ma3S may have a finite 
msignitude from the very beginning, but instead, of being 
instantaneous, it is gradually accelerated to a finite 
• speed* 



TJiose deliberations were mathomatically, doyoloped 



N.A.C.A, Technical Memorandum Hot "639 



19 



along with suitable experiments for idealized conditioms 
by Pahst (reference 6), and have already "been published 

From the considerations on the effect of float form, 
the conclusion may be drawn that the stipulation of low re 
sistance and small force of impact is contradictory as far 
as concerns the form itself* A small resistance for a 
given lift is obtained when the largest possible water 
mass combined with minimiim immersed area is imparted a 
downward acceleration, A small forco of impact is contin- 
gent upon tho accolorated water mass showing an exceeding- 
ly slow -rise as the depth of immersion increases, and by 
virtue of the thus necessitated form, the area as well as 
the acceleration imparted at tho sides of the water, be- 
come larger. At starting, this results in resistance 
which does not contribute to tho lift. On the other hand, 
the medium keeled bottom reduces the impact force very ma- 
terially without, however, any pronouncedly higher resist- 
ance, so that a medium keel is always acceptable. 

Heretofore, a smooth water level had been assumed, 
while in practice, the process in seaway is of primary in- 
terest,. 

Whereas the conditions are exactly as in smooth water 
in a qualitative sense, it never will be possible to de- 
fine quantitatively the impact forces based upon a theory. 
The seaway is extremely multiform and comprises waves of 
any length, and which do not, as a rule, run in the same 
direction. Hence it is not possible to effect a calcula- 
tion for all forms of water surfaces which may happen at 
the moment of contact. Moreover; this is necessary be- 
cause it still is possible to predict beforehand in princi 
pie, what the result will bo, as already stated above* 
If the form of the water surface, at the place whore the 
float sets down, is exactly such that a greater portion of 
tho surface is parallel to the planking of tho float, so 
that in tho very first instant a groator part of tho float 
strikes the water, the float will be damaged, no matter 
what its form, unless elasticity intercedes. 

But even the appearance shows that the advance stipu- 
lation, namely, the corresponding form of the water sur- 
face at certain places is always given for heavy sea as 
well as for relatively small waves, excepting that these 
conditions are- only more or less frequently available 'ac- 
cording to tho structure of seaway and shape of float. 
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Tliey are most frequent when the wind has turned shortly '. 

* "before starting or landings so that waves from every. direc- 
tion overlap one another. The most dangerous waves for 
kbelod and flat float alike, are those rolling in from the 

' side. In fact, this accounts for the many cases where a- 
seaT>lane is damaged in moderate sea after having success- 
fully undergone its seaworthiness tests in much heavier sea. 

It is readily apparent that the problem here. is essen- 
tially a static one and that the primary objoct must he to 
define "by what forms - in dependence on the respective sea- 
way - the advance stipulations are most frequently given 
for great impact forces along with the e:xtent of this fre- 
quency. Experience has shown that keeled forms are bettor 
in seaway than others, for when . the waves roll up "from the 
front - which is at . least appros:imatcly qui t o frequently ' 
the case - there is no- fundamental difference from the pro- 
cess in smooth wator. Only the > speed of. impact is. higher 
because of an additional component of the path velocity 
due to the inclination of the water surface, aside from the 
pure sinking speed. Thus the keel has a shock-reducing ef- 
fect« Still no form can bo found which. is not occasional- 
ly subject to the same high impact forces as these. which 
are less, favorabl&'i when the conditions prevail as outlined 
above. The frequency of high impact forces may be reduced 
by correct float form, and it should bo done, of course, 
as far as possible, even though this does hot altogether, 
preclude their occurrence. The only remedy for lowering the 
impact forces, even by the worst .position, lies in the 
t^hoice of appropriate elasticity . 

••"'I do not hold the fear of elastic floats and float 
bottoms to be- wholly justified. Taking into account -the 
extremely short periods dixring which the impact occurs^ 
even a sma.ll amount of elasticity suffices to considerably 
lower the impact forces. The elasticity as it prevails 
to-day in most cases even without aid on part of the de- 
signer, and being conditioned only uvon the structural ma- 
terial^ is ample enough to reduce the pressure from infin- 
ity to about 3 atmospheres. (This, is the highest press\iro 
recorded by the D.V*L. for a flat bottom float.) it is 
outside the ambit of this report to enter into a discus- 
sion on how to select the elasticity so as to ensure suffi- 
cient flexibility against groat impacts in order to reduce 
the forces, .and at the- same time avoid all disagreeable 
def ormat ibhs- incidental to load variations. These load, 
changes are due to the varying float immi3rsion depths, the 
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f.loat al t ernatingly riding; the . or e st and then the trough 
of the waves while the f loat, .d t self firmly maintains con- 
tact with the water • These fluctuations are generally much 
slower than the impacts exerted upon it when the float was 
wholly cut of. the water a.nd. then immersed again* Thus, it 
seems plausi"ble to. so choose the elasticity that the .float 
itself may "bo considered as practically rigid with rospoct 
to the slow lift changes and st;ill "be flexible enough to 
lower the short-lived impacts. In ^his way the seaworth- 
iness may perhaps be improved, whereas the forms which 
heretofore have proved their practical worth are hardly 
amena^blo to much more refinement. 

As a result of these deliberations, our next step was 
to measure the impact forces for as many landings in sear- 
way as possible. If independent thereof, the elasticity 
is simply determined by experiment; the principles as. out- 
lined above, furnish a comparatite basis for the results. 
Based upon the known elastic properties, and the measured 
impact force, the extent of . the area. and the entrained 
water mass which has to be available, is calculated. This, 
while yielding but a.n average value, still helps to clar- 
ify matters considerably. 

The principal difficulty encountered in these experi- 
ments, was the lack of suitable test methods to fit the 
requirements^ After manifold attempts, the problem has 
now been solved successfully. Since the test method has 
already been described at various times, as, for example, 
in the paper of Pabst (reference- 7 ) , we briefly mention 
that the method consists in measuring full scale the elon- 
gation of. the structural members, such as struts of the 
flotation gear, float members, etcaj by means of an elon- 
gation recorder. The record is obtained from a diamond 
scratching upon a moving glass plate, which is subsequent- 
ly interpreted under the microscope. With a sufficient 
number of tost stations the deformations, and thereby the 
force, can be dotorminod along with the resultant forces 
of impact, Tho maximum local pressures^ are recorded on 
indicators in conjunction with the olong.ation recorder. 
Because of the results of those experiments, the abovG-* 
montionod report merits special notice. Figures 9 and 10 
wore taken from tho same paper, Figure 9 shows tho re- 
sultant "force of impact at alighting and its location with 
respect to the seaplane, while in Figure 10, the numerical 
values of the individual impact forces (in t) and in 
load factors are plotted against tho time. 
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In order to obt ain- rosult s of a moro general nature, 
the study of any roprosontativo type of floats should bo 
suppleincntod by tests on floats with systematically vary- 
ing forms* as well as systematically changing dogroo of 
elasticity. It would not require , so very many, . Six to 
eight different kinds of floats would help a great doal.« 

A- secondary problem of. the Impact . forces is the meas- 
urement of the seaway. The , first -.step should be to define 
the character of the seaway near the landing place to en- 
sure a basis of comparison. Preliminary studios iii this 
direction are undor way. But for the actual impact pro- 
cess it would be vary desirable to ascertain the form of 
tho water . s^irf ace at the point whore the float settles, 
but for which I can soo no^way at present . which would bo 
practical to use in seaway. So the problem must be solved 
by channel tests. 

As far as concerns the resistance, I have already 
pointed out the method by which the tests should be made 
so that the data may be applicable to any seaplane of ar- 
bitrary size. We intend to make stich tests on the sea- 
plane itself as well. In that way it eliminates any diffi- 
culty, through the effect pointed out : above : in connection 
with the model measurements. The tost set-up, begun four 
years ago, but postponed from time to time on account of 
shortage of personnel , has at last been completed. It con- 
sists of a flotation, gear and a seaplane of about 2000 kg 
(4410 lb,) gross weight executed three component bal-. 
ances on which one lift component each,, front and aft, and 
the resistance is measured. The inclination is photo- 
graphically recorded, and tho spood by a spocially designed 
Pitot tube, Ihoso experiments simulate taxyirig on smooth 
water at constant speed, at which the stated quantities 
are measured. If necessary, the effect of. water depth will 
be included, The first trial measureiaents have been made 
and I hope to be able to start the actual experiments in 
the very near future. 

While outlining the future aims of those studies, I 
do not" wish to imply that everything will bo carried out 
in tho near future by our own solo efforts but rathor that 
it presents a better picture of the whole by stating the 
ultimate aims, of all these purported preparations*. Our 
program calls f or',- resi stanfee studies on (perhaps. 6 to 6) 
different floats in conjunction with comparative tests on 
corresponding model tests in the seaplane towing channel* 
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This is to be followed by measuromont s of tho impact forces 
and their distribution over these same floats* in seaway 
and the interpretation of any eventual changes in resist- 
ance and the total starting characteristics with respect 
to smooth water. Lastly, the stability of tho floats is 
to be determined. Then, if the whole tost data are compre- 
hensively compiled in the representative manner of wing 
section data, it will provide a foundation which, even 
though continuously in neod of modification, still would 
make for a certain clearness of the problem and thereby 
become a great help in the future development of the sea- 
plane. 

The report was followed by an animated discussion 
which, however, cannot here be repeated verbatim, for lack 
of space. I therefore attempted by means of stenographic 
notes, t.o pick out the main points as the debate went on. 
My own remarks are given in brackets. 

Dr. Schroder pointed to the possibility of limiting 
the numbe^ of tests Uy means of a reduction law (see Zeit- 
schrift fur Plugtechnik und Mptorluftschiffahrt, 1931, page 
9), which makes it possible to compute the corresponding 
quantities f or ' different planing attitudes with different 
load and speed from the resistance and moment, respective- 
ly, measured in one planing attitude. 

["Such a law would be very useful, indeed, and wo nhall 
avail ourselves of such possibilities as far as. is feasible 
to do so. ] 

, Mr. Bock spoke of the inherent difficulties in all 
airplane measurements when attempting to establish suit- 
able test methods. He was gratified to hoar that tho 
D.V.L. methods, which wore used by tho Junkers company for 
different experiments, had proved sucaessful here also. 

Drg Topfer commented that in applyii\g such data, as 
obtained from float experiments, to future specifications, 
special purpose aircraft, such as fast mail airplanes must, 
in particular, be taken into consideration, if that phase 
of development is not to be retarded. Because of their 
high landing speed, which such aircraft must have, tho 
conventional requirements hero are very difficult to com- 
ply with. 

Professor Dr. Hoff observed that the specifications 
should be considered as something that could and. would 
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laavs to be modified as. progress warranted, 

[In the paper no thought was given to structural spe.c- 
ifications, "but rather to the explanation of the problems 
involved,] , , 

Dr» Seehase referred to the keeling effect and cited 
the specific case of a kee?,ed float, bottom, with downward 
protruding longitudinal strips below the board walls, 
which tipon being removed, resulted in materially- reduced 
f*orce of impac'tV He also inquired abo\it the accuracy of 
the elongation recorder and the errors of the optical en- 
largement, 

[The longitudinal strips on a float effect an increase 
in the accoleratod water mass. At the moment the. strip 
dips into the water there still exists a certain amount of 
air space between strip and float bottom. As soon as this 
whole space is filled with v/ator a certain Diass of water 
must suddenly bo sot in motion, whereby the strips prevent 
the flow past the edges similar in effect to the end plates 
on an airplane wing,] 

[The errors of the test instruments range around ,003 
mm (,G0012 in.) when handled correctly and they are caused 
by the inaccuracy in 'the carrier guide , elongation in dia- 
mond holder, etc. The optical enlargement is, in any case, 
the most accurate in existence anywhere,] 

Translation by J, Vanior, 
National Advi sory Committee 
for Aeronautics* 
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Pig. 3 Moment and resistajice for constant loading and constant speed, 
plotted against angle of trim. (0.4 starting speed). 
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Fig,4 Moment and reisistance for constant loading and constant speed 
plotted against angle of trim. (0.6 starting speed) . 
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Fig.6 Wing moments (inclusive of propeller and control surfaces) 

at various control settings P and water forces with 
respect to the e.g. of the aircraft. 
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Figs. 7, 8 




Fig.? Eedaction of load in model float tests. 

G-Q = normal gross weight (proportion of float), 
Vq = mean starting speed of aircraft of 
this size. 
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rig, 8 starting speed of present day seaplanes plotted against 

gross weight. The cijrves represent the starting speed 
after redaction conforma'Dly to Froude's law from a model test 
with unloading according to Pig. 15. 
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